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A meth od for leakage contr ol and localis ation of leakages 
in the internal faces of heat exchangers 




A — f4-r-s^fe — arsp^ect — rrf — the — p- rcoon t — invention relates to a 
method of performing in situ leakage" control irr^rfefa.e 
internal faces that separate _.the product and service 
sides of heat exchangers, as featured in the preamble of 
c 1 a im 1 




10 Rp.^iHf> 1 c| f a penond aspect — G-f — the — -i nuftn1 '^_ ro ' l i afoc! 1~n_ a 

/V/ /^> method of localizing lejj^jges^iif" J 'the internal faces that 

^/ separate^^th^ — -product and service sides of heat 
exchangers, as featured in the preamble of claim 2. 



15 




25 



The-- -two— aspprts of the i nvention ■ can be used separated 

the first aspect for leakage control and tjae^second 
aspect for localization of leakages th<at have been 
detected. However, they are usually ,-used in combination, 
whereby a determination is initially carried out whether 
a heat exchanger leaks, and subsequently - if any such 
leakage is detected — the location of the leakages is 
determined. It follows that, in a accordance with a third 
aspect, the ^invention relates to a method comprising in 
situ leakage control and localization of leakages in the 
interrva'l faces that separate the product and service 
of heat ^xrbn^rsj as featured in the preamble of 




In the use of heat exchangers for heating and/or cooling 
30 liquids - including ia foodstuffs - it is of the utmost 
importance to the optimal functioning of the heat 
exchanger that the liquids on the product and service 
sides are separated completely. It is also of the utmost 
importance that impurities are not transferred from the 
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product side to the service side, and vice versa, whereby 
cross-contamination may occur of the liquids that are 
subject to thermal treatment via the heat exchanger. 

Contact between the liquids on the product and service 
5 sides is primarily a result of leakages - holes, cracks 
and the like in the surfaces between the product and 
service sides of the heat exchanger. Such leakages can 
occur during the manufacture proper of the heat 
exchanger, during mounting/assembly of the heat exchanger 
10 and during operation of the heat exchanger as a 
consequence of material stress and corrosion. 

In the practice of the art to this date relating to 
checking for leakages in the faces between the product 

15 and service sides of heat exchangers, the leakage control 
was carried out by pressure drop measurement, 
conductivity measurement and ultrasound detection on the 
assembled, operative heat exchanger. In the detection of 
leakages a penetration test is subsequently carried out 

20 of the internal faces of the disassembled heat exchanger 
to accurately localise leakages. This practice is known 
ia from the disclosures of the company Bactoforce in 
their Qualitatsmanagement-Handbuch, section "Prufung von 
Plattenwarmeaustauschern " 

25 

Leakage control by pressure drop measurement is carried 
out by application of pressure to the one side of the 
heat exchanger surface, following which detection of 
pressure drop will indicate that a leakage is present in 
30 the faces between the product and service sides. 

This technology suffers from the overall weakness that it 
presupposes that the heat exchanger is without external 
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leaks and that, in order for a measurable pressure drop 
to be detected within a reasonable measurement period, 
the leakage between the product and service sides must be 
considerable . 

5 

Measurement of conductivity for leakage control is based 
on the principle that if an electrolyte is supplied to 
the one side of a water- filled heat exchanger, a 
transmission of this electrolyte via leakages in the 

10 surfaces will entail an increase in the conductivity of 
the liquid on the other side of the heat exchanger. 
Leakage determination of this kind is usually performed 
with operative pressure on the electrolyte side and an 
amount of water circulating over a conductivity 

15 measurement device on the opposite side. 

It is a substantial drawback of this method for leakage 
control that it presupposes a considerable transfer of 
electrolytes before significant measurement of 

'20 conductivity can be achieved. For example, it presupposes 
a transferred amount of a 3.25 W/V% of NaCl-solution of 
90 ml per 100 1 of circulating water in which the 
conductivity is measured to obtain a change in 
conductivity of a scale of 10 |iS, which is the value used 

25 by Bactoforce as its lower limit for detecting leakages. 

The ultrasound method that has been developed for 
detecting leakages in plate heat exchangers and that is 
described in EP 734,511 comprises the steps of 
30 pressurised air on the one side of the stack of plates 
which is transmitted via leakages in the surface to the 
other and water-filled side of the stack of plates thus 
generates a sound that can be measured on the outside 
with an ultrasound transducer. 



WO 00/57152 




PCT/DKOO/00132 



This technology is associated with the overall problem 
that leakages in the heat exchanger cannot be localised 
to a specific heat exchanger element, but exclusively to 
5 a more or less comprehensive segment of heat exchanger 
elements; and that the sound picture from a hole, in 
which much sound is generated, can interfere and mask the 
sound picture from another hole, in which less sound is 
generated, whereby the latter becomes undetectable; and 
10 that the leakage must be so comprehensive that a 
measurable sound is generated by the passage of air via 
the leakage. Finally, this technology does not lend 
itself for use with every type of heat exchangers; it is 
useful for plate heat exchangers only. 

15 

This means that detection of the presence, location and 
magnitude of leakages in the individual heat exchanger 
element presupposes a subsequent penetration test of all 
the elements contained in the segment of elements in 
20 which a sound picture has been measured, which means that 
the final detection of leakages is subject to the 
criteria, errors and deficiencies associated with such 
method. 

25 Penetration testing of the internal faces between the 
product and service sides of the disassembled heat 
exchanger is typically carried out by a liquid substance 
being applied to either the product side or the service 
side, said substance being able to penetrate through 

30 leakages in the surface whereby the leakages are 
visualised when the presence of the penetrating substance 
is detected on the opposite side of the treated surface. 
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This technology-, which > -is^JsnQ wn from ia US patent No 
4,745,797 relating to a method wherein a^ 
based colour solution is app3j : jxi---tTrn:he surface of the 
object on which it is^tesired to perform the test. The 
colour solutiop^-tliat penetrates through leakages in the 
surfaces/t^auses a subsequent colour reaction on the 
opposite side of the___aurf ace, thereby revealing the 
lea^age-.- 

10/^ An ^l^Tdrir^c i^, colour method for localising cracks in a 
A* / surface is described ia inJDE^_^^ where 
' ' the penetratinjg^-^^^ is not readily visible, but it 

is r£jad£red visible by exposure to UV-light. 

It is a general property of all penetration methods as 
described in the above-mentioned references that - used 
on the internal faces between product and service sides 
in heat exchangers - they presuppose disassembly of the 
heat exchanger and direct application of the penetrating 
substance on either the product or the service side of 
each individual heat exchanger element. Moreover, the 
only substances known today that possess the requisite 
penetrating properties are based on mineral oil, which 
causes serious problems, especially within the food 
industry. 




15 
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This technology for detecting leakages in the internal 
faces between the product and service sides of heat 
exchangers is very time consuming and cumbersome from a 
30 financial point of view, and the technology does not lend 
itself for in situ leakage control while simultaneously 
determining the location of leakages, on the one hand 
because the method presupposes initial dismounting of the 
heat exchanger, and on the other hand because heat 
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exchangers cannot, due to environmental and safety 
considerations in general, be filled with a mineral oil 
based penetrating substance in situ. Moreover, it is 
deficient with regard to detecting all the leakages that 
5 might be present in the surface while the heat exchanger 
is in operation, partly because the penetration is 
accomplished with the same pressure throughout the entire 
heat exchanger surface, and partly because the same 
pressure prevails on the product and the service sides. 
10 In operating conditions, the heat exchanger surfaces are 
exposed to elevated and very different pressures as well 
as pressure differences between the product and service 
sides . 

15 The technology known and used today for leakage control 
and localisation of leakages in the internal faces 
between the product and service sides in heat exchangers 
with a view to control and replacement of leaking 
elements does not - irrespectively of the chosen 

20 technique or combination of known techniques - lend 
itself for use for in situ leakage control with 
simultaneous localisation of leakages. Moreover, the 
technologies are associated with very substantial 
drawbacks and costs, which entails that they are not 

25 suitable as such. 

The most considerable drawbacks consist in the technology 
being deficient or unsuitable with regard to obtaining a 
reliable and, while the heat exchanger is in operation, 
30 complete leakage control; and that localisation of 
leakages cannot be performed in situ and can only be 
performed on the disassembled heat exchanger; and that 
the technology is very expensive and time-consuming. 
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Thus, novel technologies are very much in demand, by 
which it is possible to perform in situ leakage control 
while accurately simulating actual operative conditions; 
to swiftly, uniformly and in a completely reproducible 
5 manner ensure that heat exchangers function optimally by 
the internal surfaces between product and service sides 
internally of the heat exchanger being completely without 
leakages and without any risk of transmitting and cross- 
contaminating the liquid substances - including 
10 foodstuffs - that are subjected to thermal treatment in 
the heat exchanger. 

With the method according to the first aspect of the 
invention a surprisingly simple, swift, inexpensive and 
15 reliable technology is provided whereby this result can 
be achieved. 
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Tl^^method according to the preamble of claim 1 i g thi^ 
characterised in that a first step is concerned ^wlth 
leakage control, wherein one of the primary ancL^condary 
sides is supplied with a colorant liquid while the 
opposite side is supplied with a cle&r liquid that is 
recycled, whereby the presence ofxfeakages in the heat 
exchanger is verified by detepi5ion of the presence of 
colorant in the clear JTiquid. Hereby a reliable 
indication is obtained wtfether the heat exchanger leaks, 
and since it does n0x present any problems to find an 
environmentally fraendly and very powerful colorant that 
can be measured in very small concentrations in the clear 
liquid, tl>e method is both reliable and inexpensive. 
Moreover; it is quite simple to imitate the operating 
conditions during the leakage control, thereby ensuring 
tjarat the control does kin fact indic ate the leakages that 
will occur^rTT* - a^tual operation, neither more nor- less. 
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In accordance—wi th th e — cn ^ H ^pe^ t of the invention as 
featured in the preamble of claim 2, the advantages^arB 
obtained in that a colorant-containing liquid is^slopplied 
to the one side of the heat exchanger, and U^t this side 
is pressurised for a period of time, >*mereas the other 
side is allowed to continue to contain air, following 
which the heat exchanger is drained and separated and the 
leakages are determined ^^5y visual inspection of the 
plates. It is possible to find a colorant for this 
purpose that wil^/'on the one hand, be readily dissolved 
and, on the .erlfher hand, subsequently produce very clear 
indicatiprfs on the opposite side of the locations of the 
leakages. At the same time it is very simple, by this 
method, to imitate the operating conditions, which means 
that the detected leakages are the same as will appear in 



actual operation 



Hereby it is possible to visually detect all leakages 
20 throughout the entire internal face of the heat 
exchanger, and to do so on each of the internal surface 
elements that separate the product and service sides of 
the heat exchanger. 




As stipulated iii^^Laims 3 th rough 5 the leakage control 

and the localisation of leakages are accomplisTTeg^in 
conditions that are very close to or^id^rrfETcal with the 
actual operating conditions^©*^€he heat exchanger. This 
involves substantial-- advantages since the leakages 
detected in ^fcirfs manner will be the exact same as those 
occurring in ord in a ry n p nr ation o f the he at Gxch-arrtxer . 



Th e r . n Lor ant — astfd: m tne method according to claim i — 
2, can be any_ong_jcuf — liquid or — di ft .sol vable colorant or 
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mixtures of such substances that will, in an aqueous and 
h i ghly dilute^3n-use soiution^^dix^LlY ui as f^dPfett^ d 

in claim 7___by ifieans of UV-light - trigger a 

vo^jLiar±Tsa±ion . 

According to an embodiment as featured in claim 8, an 
aqueous solution of the fluorescent colorant uranine (the 
sodium salt of f luoresceine) is used that distinguishes 
itself in having a very intense colouring and powerful 

10 fluorescence that makes it easy to visualise with UV- 
light in very small amounts (a dilution of uranine in a 
ratio of 1 to 200 mill in pure water can readily be 
detected by the human eye) , and in being approved for use 
as trace substance for, among other things, life saving 

15 at sea, tracing of subterranean water current and 
checking of weak blood circulation in humans. Thus there 
will not be any problems associated with obtaining 
permissions to use this substance in the foodstuffs 
industry, and it does not present an environmental 

20 hazard. 




30 



As-^s tj-pulate d previously, it will b e associated with 
considerable advantages to use the methods for leakag 
control and localisation of leakages, respectively in 
accordance with a combination of claims 1 ^arfid 2; and 
these advantages are obtained by - as stimulated in claim 
9 - a leakage control being perfopft€cl in a first step in 
which a colorant-containing s<*lution is supplied to one 
of the product and service sides, whereas a clear liquid 
that is recycled is^eCpplied to the opposite side, whereby 
the presence ^<$r leakages in the heat exchanger is 
verified Jay detection of the colorant in the clear 
liquldr? and in a second— s%eu belny perrormed In wli±Ui— the 



rest 



Leakages is revealed by pressurisation of the 
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side co ntaining — the — e u luidUl-couL aining solution" 
period of time while the other side is ^jaJJUiwed- — *tr© 
continue to contain air, foJJ^w±rTg^"^hich the heat 
exchanger is dr§jLaed Mid disassembled, and the 
local is^JbaroTi of the leakages is determined by visual 
-inspection of the plates, 



Hereby leakages are detected in an exact manner and 
localised with a single test liquid as a direct 
10 consequence of the colorant being transmitted via the 
leakages in the surfaces between the product and service 
sides, and the thus proportional amount transmitted to 
the surface* 

15 It is enabled by the method to carry out the leakage 
control and the localisation of leakages under conditions 
that correspond to the actual operating conditions of the 
heat exchanger. 




Tl^i-s — eende^rs — feke — met herd — accui dirtg — tee — claim — 9 — eqtraiJ^y 
suitable for control of leakages in all tygg^--©f-^heat 
exchangers in true operating coryjife-tOTTs independently of 
the specific constrjjjzfei^nT" field of use and operating 
specif icatijM«- - *^of the individual heat exchanger 
J^rSSS^er, — cemperature, viscosity of liquids, etc . ) 



Now follows an explanation of an exemplary procedure for 
the method when used in a plate heat exchanger: 



30 



1. The secondary side of the heat exchanger is filled 
with an aqueous colour-solution and this side is 
pressurised at eg 6 bar. 
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2 . The primary side of the heat exchanger is recycled 
with pure water via pump and balance tank. 

3. After approximately 15 minutes a water sample* is 
5 extracted from the balance tank, the colour of said 

sample being visually, and optionally by means of UV- 
light, compared to a sample of pure water. 

4 . In case the water sample from the balance tank is 
10 devoid of colour and like the pure water sample, the heat 

exchanger does not leak, and the procedure is 
discontinued. If the water sample from the balance tank 
■is coloured compared to the pure water test, the heat 
exchanger leaks, and the procedure continues* 

15 

5. The primary side of the heat exchanger is drained and 
is allowed to stand for eg 15 more minutes while 
pressurised. 

20 6. The heat exchanger is opened and the plate surfaces of 
the primary side are inspected visually and optionally by 
means of UV-light to detect discoloration of the surface. 

7. Discoloured plate surfaces have leakages and are 
25 replaced, following which the heat exchanger is assembled 
and is again ready for operation. 

As will appear the leakage control and localisation of 
leakages is performed by use of the same colorant 
30 solution, and it will be possible to regulate the 
conditions in which the leakage control as well as the 
localisation of leakages are performed, in order to 
hereby ensure that they correspond essentially to the 
actual operating conditions of the heat exchanger. 



